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The use of Attenuated Total Reflectance as. an analytical tech--
njque in infrared spectroscopy has become increasingly important in 
the past few years. ATR (Attenuated Total Reflectance) is a rela-
ti vely new analyt:Lcal method, Producing spectra of compounds by thj_s 
method requires no solvent for dissolving the sample and no salts 
sirrLi.lar in quaJJ.ty to those produced by convent1ona1 methods, are that 
there :ls enoug;h sample to cover both s:ldes of the reflector and that 
the indices of refraction of the sample and reflector be similar. 
The index of the sample is fixed; therefore, the j_ndex of the re-
flector is controlled by selecting a reflector with one Bimilar to 
tbe scu'11ple. Heflectors with :lndices from 1.2 to h.l2 are comnercially 
produced. S:llice no solvents or salts are used in NIT\, this method 
allows complete r-ecovery of the sample without uBing separation or 
ab::.;trr-wt:Lon processes. '.rhe elimination of solvents and salts should 
also lowel' the cost of spectra production. The ATR method eliminate~:> 
the weighing and measuring of Sairltlles and Balts and the Ume consurrring 
procesG of pellet mak:Lng; therefore, 5.t should be a quicke:e method 
than any of the conventional methods. 
'l'he principles of A'ri-\ have been applied to seVEn:a1 fieJd~:; of 
infra:ced ans.ly~;is. Harris and Svoboda1 used 1\TH a.:::> C:t me2ns of de--
t .,. ... , ·-· -t. - 1.,. 'J 1·· -~ - 1 JVi · ·· "" ntr-.d' f'·' ·-d R·· -~·i,"' · K'lt-1·'1 , .. 1 · d K- J J , ,2 t.r!YU_na lOll 0 h _\.y __ anc .onom_.r 1,c, l.J.e eo __ J1•-':, c .. o .. ,L:o,<Y an \8 _ .el 
used Nl'R to study aqueous solut:Lon:s, J\hHyal1 end Ivfooney3 t..wed NJJl 
in preparing spectra of Polyatomic Anions, and De ley and Liotti11 
used ATR as a means of identifying coating on paper. Materials for 
which N.l'R has been useful in analysis include fabrics, polymers which 
cannot be easj.J_y prepared for other types of analysis, and surfaces 
of semiconductors . In this project, spectra of several pur.e bar-
biturates, drug compositions containing barbj_turates, and several 
related compounds were prepared using ATR; these were compared to 
2 
s )ectra produced by the conventional pt-"e---.,l""'l""e;;~.t_,__,.m"""e.._,t:,L_Jh""od'""-'--. --------------:-
NlTENUJ\'I'ED r:LDrAL Jili'FLECTANCE 
Attenuated Total Reflectance is defined as a beam of light en-
tering a prisma.ti.c material and penetrating the sample just once before 
being reflected out of the prismatic rraterial (Fig. 1). In Atten-· 
uated '11otal Reflectance, the angle of incidence -· the angle at which 
h 
the light ente:es the prism - can be varied and matched to the sample:;. 
Figure 1 -- Single Reflection. The beam of light is shown 
penetrating the sample just once before being 
reflected bach through the prism. 
Attenuated rrotal Heflectance is a variation of attenuated radiation 
whic~1 J::>esults from reflection at the su1•face of a chemical material. 
The bemn entering the rnate:dal is reflected internally when the angle 
of inc:ldence at the interface between sample and prism is greatei' 
than the er·j_t:i.cal angle. (A beam with an angle of incidence j_ and 
and angle of reflection of 90°C wil1 not penetrate a less dense med-
ium but w:ill travel along the surface of the less dense meclium. 'lbe 
angle that tbe be::un makes with the perpendi.culac if3 ealled the cri-
4 
6 tical angJ.e ) . (Fig. 2). 
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Figure 2 ·-- shows a Critical Ang-.,le. 
i becomes the Critical Angle \<Then r = 90°. 
The reflection .l.s total in the region betvJeen the critical angle and 
the grazing inGidence; it is total r-.com the surface of the pr·ismatic 
material. ~:1otal reflection occurs at all wavelengths where the absorp-
tion is zero7. 
Mult:iple Attenuated Total Reflectance (MA:rR) differs from Atten-.. 
uated 'rotal Reflectance (ATR) in that the beam penetrates the sarnple 
marw times. ·As many as 25 to 50 penetrations 111-3.y occur, (Fig. 3). 
It has the advantage over A'IR in that the weakly absorbing samples 
gj ve good spectra due to the many penetrations. Such samples g:l.ve 
poor ATR spectr·a or none at all. 
Figure 3 
--··-·-·-··--·-·--·----·---~----------·-~-~ 
Multiple Attenuated ~L'otal Reflectance. The beam 
penetrates the smnpJ.e several times before it is re-·· 
fleeted out of the prlsmat:Lc materia1. 
5 
In Attenuated Total Reflectance and Multlple Attenuated Total 
Reflectance, a beam of radiatlon loses energy when a material that 
selectively absorbs radiation is placed in contact with the reflecting 
surface. The energy is lost at wavelengths where the material absorbs 
due to interaction between the material and the penetrating beam. 
The penetration of the radiation in the sample depends on the wave-
.. 
length of light, the refractive indices of the reflector and sample, 
A graph of penetration versus angle of incldence in the region 
of absorption shows that penetration increases more rapidly·when the 
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Figure 1~ ·-··· Helationship of angle of incidence to depth of 
penetration. 
A plot of the :index of refraction versus wavelength near an ab-
sorption band (Fig. 5) shows that the index of refraction undergoes 
a radical ch.::mge in this ree-).on. If a reflector of index n1 is selected, 
6 
there is a point at which the index of the saiYI,Ole is greater than that 
of the reflector·. At this wavelength there is no angle of incidence 
where reflection can take place. Nearly all of the energy passes 
into the sample. A reflector with index n2 has no point at which 
the jndex of the sample exceeds it but has a region on the long wave-
length side of the band where the index of the sample comes close to 
that of the plate. This reflector gives more absorption on the long 
wavelength sid.e and-wtarB.bsorption is reduced. A reflector with 
an mdex of n3 that is considerably greater than the index of the 
sample has no point where the index of the sample is greater than the 
reflector. Under such concli.tion the index variation of the sample has 
no effect on the shape of the band although total absorption is small9. 
The quality of Attenuated Total Reflectance spectra depends 
on the ratj_o between the refractive indices of the sample and prism. 
The quality of the spectra decreases as the index of the reflector 
approaches that of the sample. Prisms (reflectors) with different 
indices have been used in ATR so that the index of the prism can be 
matched to the index of the material using several prism materials. 
Polchlopek10 produced spectra of polystyrene (refractive index 1.6), 
polytetrafluoroethylene (refractive index between 1.3 to 1.4), 
polyrnethyl-metha.crylate (refractive index l. 5). He reported approx-
imate rrri.njJnum angles of inddence at whi.ch samples with various 
refractive indices may be used with different prism materials . Table I 
contains the angles for critical reflection of the three SaJTit"lles 
and the prism materiaJ. Table II indicates the quaJ.i ty of the spectra 
~-
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sho\,TS the changes the refract:i ve index undergoes 
neEir an absorption frequency. 
The dotted line represents the absorption when taken 
by transmiss:ion. 'rhe heavy line shows the l'ad:i.cal 
change it under>goes. n1 shows the absorption when 
a reflector with a refractive index is smaller than 
the sample that is used. n2 has a refractive index 
that is the same as the refractive index of the sample. 
n'.) has a refractive index that j_s 1arger than the 
:r§fracti ve index of the sample. 
Table I. .L\ngles for Critical Reflection of Seven Prisms 
with Refractive Indices Ranging from 1.43 to 4.02 
Prism Incidence Angle 
Refractive index of samole 
.JVI..aterial Refractive Index 1.3 1.4 1.5 1.6 
Ca.F 2 1.43 66° 
NaCl 1.52 60° 67° 
AgCl 2.0 40° 45° 49° 53° 
KKS-6 2.19 3o0 40° · 43° 47° 
IRrfW-T-2 2.25 35° 38° 42° 45° 
KRS-5 2.38 33° 36° 39° 42° 
Ge 4.02 19° 20° 22° 24° 







KRS-5 KRS-6 AgCl 
40-65° 50-65° 60-65° 
40-65° 50-65° 60-65° 
40-65° 50-65° 65° 
---
Angles 
Fair Spectra Poor Spectra 
KRS-6 AgCl KRS-6 AgCl 
45° 50-55° 40° 40-45° 
45° 50-55° L~oo 40-45° 
45° 60° 40° lW-45° 
8 
obtained over several angles with the three samples. PolchJ.opek 
listed three prisms good enough for general ATR work. The three 
prisms are KRS-5 ( 42 mole % Thallous bromide, 58 mole % Thallous 
iodide), KRS-6 (40 mole% Thallous bromide, 60 mole% Thallous Chlor-
ide), and Agel; AgCl has a more limited range than KRS-5 or KRS-6 
and also shows a larger amount of distortion outside its effective 
range than the others. Of the three n1aterials the AgCl prism pro-
9 
i}-----__,duced_the_jJest_specti'a-wbe!"l-USed~il"l~i-ts-e-f'-f'eG-ti-ve-EiGrr.aiR, .. -· ------------
lNFRARED SPECTROSCOPY 
The infrared region of the spectrum ·extends from the visible 
region until it overlaps the micro-wave region. Its wavelength 
limits are between 0. 7 micron to 500 microns with the most useful 
part of the spectrum occurir.g in the narrow region 2. 5 microns to 
15 microns11 . The infrared region between . 8 microns and 50 microns 
region are due primarily to vibration, stretching and bending modes 
within molecules12 . 
The basic characteristl.c of this region l.s that the principle 
source of radiation is thennal em.i.ssion from a source. The radiant 
energy is absorbed by a natural vibration rnode when the frequency 
of the radi.ation is the s&~e as the natural frequency of vibration 
and when there is a change in the dipole rnoment of the molecule. 
The amount of radiation absorbed is proportional to the square of 
the rate change of the dipole moment with respect to displacement or 
13 the atom , 
There are two types of molecular vibratl.on observed when in-
frared radiation is absorbed: stretching and bending. Stretching 
vibration is the rhythmical movement of the atoms back and forth 
along the bond a.xls . Bending may be of two types . One is a change · 
in bond angles between two atoms each bonded to a third atom. A 
second type involves movement of a group of atoms with respect to the 
rest of the rnolecu1e. The terms scissoring, rocking, wagging, and 
11 
' 14 twisting are used to describe the various types of bending motions • 
The instrwnent used in this research project was a Perkin-Elmer 
Model 337 infrared spectrometer. It is a double beam recording 
spectrometer with an optical null and a Littrow type grating monochro-
moter that gives one percent accuracy in transmission and ±6 cm-1 
accuracy in wave number in the moderate wavelength of the first region. 
The s~cond region has an accuracy of ~2 cm-1 in transmission15. 
~~:--------'.'r18.e-\Vi-Jd{S-Mooe-l~1-2-9elli3-±e8eaJn-.A-t-t-entl.-a-t-eS.-Tet-a-l-Ref-lect-al··~H~~-e·~· ----------
attachment (Figure 6) was used in analysis of the barbiturates by ATR. 
Installation and adjustment of the attachment are described in 
16 the operators' manual . The unit mounts directly to the spectrometer 
with the reference prism and sample in the reference and sample side 
respectively. The mirrors on both optical systems need to be care~~lly 
aligned. 
KRS-5 prisms were used in the analysis of the barbiturates. 
KRS-5 is tnsoluble in most organic solvents as well as cold water. 
It j_s non-hydroscopic and has a high enough refractive index to 
produce good spectra. 
The reflector in the reference side of the Model 12 was held 
in a Teflon Internal Plate Holder (Figure 7). The prism is supported 
on its edges with the portion penetrated by the beam from the spec-· 
trometer being held "free in aj.r"17 . The reflector in the sample 
side is held in a stainless steel sainple holder (Fig. 8). The holder 
presses solid samples in contact with the reflector and applies uniform 
pressure. rlhere are four scr·ews in the sample holder which are tight-
ened in a diagonal rnanner to prevent a wedge between the bcx:ly and 
18 pr·essure plate . 
12 
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Figure 7 -- Teflon Internal Plate Holder 
{of' \J' (\ w C.(' bcJ'l 




Figur·e 8 ---- Stainless Steel Sample Holder 




The clinically :important barbiturates are colorlesG crystall:Lne 
solids that melt from 96 to 205°C; other barbiturates melt at higher 
temperatures and many have color. Barbiturates are not very soluble 
in water and are unstable under acidic conditions; many are used as 
hypnotic dru.gs in medicine19 .. 
'I'he ba-rbiturates are considered to be one of the most import_ant'----~~~~~~-
groups of pyrim:i.dine derivatives. The parent compound, barbituric 
acid ( 2, 4, 6, trihydroxypyrimidine) , is formed by heating a mixture 
f . . ... 1 h 1
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+2 ROH 
Any of' the 5, 5 clisubsti tuted barbituric acids can be prepared by this 
method when a lJrea derivative is heafed with a malonic ester. 




Infrared spectra of the barbiturates were first taken by Umberger 
'and Adam2;L in a chloroform solution. Only a few of the barbiturates 
gave an absorption between 8 microns and 12 microns (12:50 cm-l to 
8 cm-1 ). Solid spectra of the barbiturates22 ' 23, 24have shown that 
the barbiturates do absorb in this region. Hubley25 listed an ab-
8 -1 ( ) ·sorption peak near 50 em 11.7 microns as being characteristic 
of all barbiturates. 
to special functional 
, -1 
groups . Except for the band at 500 em , the 
assignments are those 
. 25 -1 
of Hubley . Absorptions between 3250-3000 em 
are in the spectral region in which N~H stretch occurs. The spectra 
of the barbiturates show a strong and a weak absorption peak in this 
--1 band region; the strong band
1
iS near 3200 em and the weak band is 
-1 near 3000 em . 5-Amino barbital, unlike the others, shows abs?rption 
-1 above 3300 em 
1rhere are three absorption peaks in most of the barbiturate 
-1 6 -1 spectra, between 1750 em · and 1 60 em . Sodium barbital showed 
two absorption peaks in this region; these are at a much lower fre-
.8 -·1 -1 quency (16 0 em '.and 1610 em ) than the other barbiturates. T'ne 
sod.i..wn barbital peaks are more in agreement with peaks of barbiturate 
2[:" 
complexes as reported by Hubley ~ 
Several absorption bands, .·caused by C-H defonnation and C-H 
stretchJ.ng vibration, are present in the barbiturate spectra between 
4 -1 -1 1 75 em and 1250 em · . An absorption band near 500 cm-l appea.red 
in the spectra of all of the barbiturates. 
EXPERIMF.NrAL 
Spectra of the barbiturates, pharmaceuticals containing bar:... 
biturates, street drugs, and related compounds were produced by the 
conventional KBr pellet method for comparison with the NrR spectra. 
In obtaining these spectra a small sample of the material, well tnixed 
with ground KBr, was placed in an evacuable die and pressed into a 
Perkin-Elmer 337 infrared spectrometer at normal slit '\.<Jidth and fast 
. 4 -1 4 -1 scanning speed between , 000 em - and 00 em 
Caution had to be taken to assure maximum contact between the 
sample and reflector when spectra of the compounds were taken by 
ATR, because the better the contact, the greater the amount of ab-
sorption. The smnples were ground to reduce the size of the particles, 
and then placed on the gwnmy side of a transparent tape. The tape 
off'ers a method of getting a uniform distribution of the samples on 
the reflector without scratching it. Cax·e has to be taken to cover 
the tape cornpletely; any part of the tape exposed to the reflector 
will produce its own characteristic spectrum. A piece of the sample~ 
covered tape was placed on each side of the reflector and the holder 
was fastened by tightening the screws diagonal to each other to assu:re 
uniform pressure. Spectra were recorded at normal slit width and 
fast scanning speed. 
Some of the bar·bi turates, drugs, and re1ated compounds required 
a greater amount of sample than could be picked up by the tape to 
give good A'rR spectra. In such cases additional sample was added 
to the sample holder by laying·one piece of the tape on the bottom 
section of the holder and spreadi.ng the sample across it with a 
Q-Tip. The reflector was then placed over the sample and a small 
amount of the sample was spread across the reflector in the same 
manner. The reflector was covered with the second piece of tape 
18 
and the top section of the holder was fastened. In placing the sample 
on the reflector in this manner, extreme care must be taken to prevent 
scratching the reflector. Experience is necessary to obtain a uniform 
spread of the sample using this technique. 
The barbiturates were the best grade available comnercially. 
IJ'he street drug sample was obtained locally. rrhe urea derivatives 
were chosen because of the large m.Jinber of 5-5 disubstituted bar-
biturates made from them. 
Spectra of the following compounds and drugs were prepared in 
the manner descrlbed: 





- C ..:. NH
2 
IJ'hiourea -· (m.p. 
Diethylthiourea- (rn.p. 68 . .:.71°C). 
H 0 H 
I II l 
CH - CH - N - C - N -· CH - CH 3 2 2 3 
19 
Uric Acid ~- (decomposes) 
Malonic Acid - (m.p. 135.6°C). 
Barbituric Ac5.d -· (m.p. 243°C). 
Sodium barbi taJ. -
20 
Secobarbital - (f!l·P· 82°C). 
Amobarbital - (m.p. 156--J.58°C). 
5<-Amino barbiturlc ac:ld -· (m.p. above li00°C). 
rlhe follovdng propr:tetar.:v prepa:cations were also analy~~ed by .1\'JlH: 
Dexamyl capsvJ.e(SKlr) contains amobarb:i tal and d·-amPhetamine. 
Dexarf10rl tablet (SKF') - contains amobarbital a'ld d-amphetamine. 
Sodium arnytal (Lilly) - contains sod:iu.rn amobarbital. 
21 
Tuinal (Lilly) - contains sodium secobarbital and sodj.um amobarbital. 
Nembutal (McNeil) - contains sodium pentobar·bital. 
Carbital (Parke-Davis) - contains ·sod:i.wn phenobarbital. 
In addition, a typical "street drug" containing a barbiturate 
was subjected to ATR analysj_s. Spectra _of this illicit preparation and 
the authentic con~ounds and 1m.xtures are presented in the Appendix. 
RESULTS 
There is no great dH'ference in the barbitw."ate spectra obta:Lned . 
-1 by the different methods. The basic difference occurs in the 3300 em 
and 2900 cm-1 region. Generally the ATR spectra of the barbiturates 
--1 in the 3300 em region show·fewer peaks than the transmission spectra. 
The peaks in the ~900 cm-l region of the transmission spect:r:a are 
is best pointed out by the analysis of the spectra of the jndividual 
compounds. 
Amytal - There is very little difference i.n the tvm spectra. 
The most notice2ble difference is the sharpness of the ATR peaks 
-1 in the 3300 em region; they are much sharper than the same peaks 
in the transm:i.ssion spectrum. One less· absorption peak bet<v'leen 
900 cm-1 and 800 em-1 occurs in the KrR speetrwn. 
-1 Secobarbital - The spectra are similar except in the 2900 em 
where the C-H peaks are separated better in the transmission spectra. 
-1 Sodium Barbital -· Absorbance jn the 3300 em of the A'I'R spectrum 
is less intense than expected from the amount of sample used. The peaks 
in this region are not separated as well as they ai'e in the trans-
mission spectrum. The remainder of the spectra are quite similar. 
Phenobarbital - The transmissj_on spectrum shows more absorption 
. -1 . 
above the 3300 em region than N.rR spectrum; hovvever, there lS better 
-1 separation of the absorption peaks in the 1700 em region of the 
ATR spectrum. 
5-Am:ino barbital - The ATR spectrum shows weak absorption in 
-1 the 3300 em region and very little separation of the absorption 
peaks. The transmission spectrwn peaks are very well separated. 
The remainder of the spectra are quite similar. 
was not obtainable since the comp01.md was changed under pressure. 
The quality of the spectra of the pharmaceuticals differ more 
than the quality of the spectra of the pure barbiturates. This 
difference could be caused by the diluent used. Very little of a 
colored pha..Y'fl18.ceutical such as Dexarrwl could be used for the trans-· 
mission spectra. 1he greatest differences occur in the 3300 crn-l 
reg.i.on where a broad band appears in most of the ATR spectrum. 
Individual analysis of the urea derivatives, malonic acid, 
pharmaceuticals, and street drugs are discussed in the follot,.fing 
to compare the positions of absorption peaks in the spectra. 
Table three lists the absorption peaks of the barbiturates. 
23 
Urea -· Pour absorption peaks in the 3300 cm-l reg:ton are seen in 
( 4 -1 4 -J. the KBr te.bl.et spectru.m of urea. The four peaks 3 60 em , 3 00 em , 
33L10 cm-l, and 3255 cm-l) are due to N-H stretching. 1wo peak.s are 
near 1700 cm-1 (at 1680 and 1670 cm-1). These two peaks are due to 
C=O stretching. 
-1 
A peak caused by C-N stretching vibrations at 1152 em 
-,-
24 
is also seen in the spectrum. The ATR spectrum of urea gives a broad 
peak in the 3300 cm-l region. Several absorpt1on peaks are distinquish-
able in this broad peak. They are at 3ll20 cm-1 , 3310 cm-1 , and 3115 cm1 . 
The C=O stretch absorption peaks are :at 1680 cm-l and 1635 cm-1. The 
-1 C-N stretch1ng vi.bration peak 1s near 1190 em . The change in the 
position of the C=O peak in the two spectra could be caused.by inter-
action of the salt and urea in the pellet. 
-1 Thiourea - Four absorption peaks in the 3300 em regions are also 
-1 seen in the KBr tablet spectrum of thiourea. These four peaks (3375 em , 
3340 cm-1, 3270 cm-l and 3155 ·cm-1) are due to N-H stretching. A 
sharp peak at 1610 cm-l is also seen in the spectrum. An absorption 
8 -1 peak is seen a.t 11 5 em . That is due to C=S stretching. Another 
-1 one caused by N-H stretching is seen at 730 em . The peak seen at 
630 cm-l is due to C-S stretching. 'lne spectru.'n of urea prepared 
by A'I'R is.quite sirnilarto the pellet spectrum. Three N-H stretching 
-1 
peaks are seen in the 3300 em -- region. The three peaks are near 
331W cm-1, 3240 cm-l, and 3150 cm-l A sharp peak at 1590 cm-l, also 
due to N-H streching, is seen. The absorption peak near 1180 cm-l 
is caused by C-S stretching. The ATR spect1~m of thiourea, like the 
A'I'R spectru~1 of urea, shows one less peak in the 3300 cm-l region than 
is shown in the pellet spectrum. The peaks in the. A'"l'R spectrum are 
also at different wavelengths. The changes in position of absorption 
peaks could be caused by the salt used. 
N,N-diethythl.ourea - Only two N-H absorption peaks are seen in 
-1 the spectrum of N,N-diethylthi.ourea. These peaks are at 3225 em 
25 
and 3075 cm-1 . ~wo sharp peaks are also seen at 1550 cm-l and 1500 cm-1 . 
A C=S stretching peak appears at 1055 cm-1 . A N-H stretch peak is seen 
8 -1 at 00 em . The spectrum of N ,N-diethylthiourea prepared by ATR is 
the same quality as that of the pellet. 
Uric Acid - ~'he KBr spectrum of uric acid has a broad band from 
~~--~~--~~-1 l 
3300 em to 2610 em , but several peaks are distinct. Relatively 
. -1 -1 
sharp peaks are at 3000 em and 2810 em . ~o moderate peaks are 
. -1 6 -1 at 2695 em and 2 10 em . Two sharp peaks due to N-H stretching 
6 -1 -1 8 -1 are seen at 1 60 em and 1580 em . A moderate peak at 70 em 
l.s also caused by N--H stretching. 
Tbe ATR spectrum of uric acid is s:i.mi.lar to the pellet spectru.YJ1. 
A broad band is found between 3175 cm-·l and 1560 cm·l. The N-H 
stretching absorption peaks in the fingerprin;t region are near the 
same wave number -· as they appear in the pellet spectrum. 
Malonic Acid - The KBr spectrum of malonic ac:i.d has a broad band 
1 -1 from 3500 em- to 2325 em This band includes the absorption peaks of 
0 
C-H in the 2900 cm-l region and the C-OH absorption peaks in the 
-1 2500 em A sharp absorption peale caused by C=O stretch is seen at 
-1 1705 em . Sharp peaks caused by C-H deformati.on are seen between 
1L125 cm-·1 and 1300 cm-·1 . ~'wo broad bands characteri.stic of carboxylic 
4 -] 8 -1 aci.d are seen at 9 2 em · and 90 em . The ATR spectr'WTI of malonic 
aci.d is qui.te different from the pellet spectrum. Distinct sharp 
. peaks at 33L10 cm-l, 3250 cm-1, and 3130 cm-l are shovm in the ATR 
26 
spectrum. A broad band is shown that goes from 2900 cm··l to 2150 -1 em . 
6 -1 The two abso:rpti.on peaks due to C=O stretching are near 1 70 em 
and 1585 cm-l The di.fference in the spectra of the compound could 
be caused by structural changes that maloni.c aci.d undergoes when 
pressed into a pellet. 
Dexamyl - r.rhe ATR spectrum of Dexamyl gives a broad band in the 
-1 3300 em region. ':Phere are no distinct peaks in the band. The medium 
size peak at 1610 cm-l in the KBr spectrum is very weak in the ATR 
-1 spectrum. Belmv 1200 em , the spectra are quite similar. 
Carbital contains sodium phenobarbital and carbomal. Its spectrum 
-1 shows absorption above 3300 em . Also, absorption peaks are s~en 
-~1 6 . ·-1 -1 -1 -1 at 3390 em --, 33 0 ern , 3320 em , 3225 em , and 3052 em . Three 
-l 6 8 -l '68 -l C==O 8bsorption peaks are seen at 1715 em l 9 em , and 1 em . 
A sharp peak s1m:Uar to the one seen in the spectrum of the street 
drug is seen at 1560 em-1 in the· cm:bita1 spectrum. C·-H deformation 
and C-N stretching vibrational absorption peaks are seen between 
J -1 -1 . 1-170 em and 1250 em . The characteristic absorption peaks of 
barbiturates near 850 cm...:.1 is at 850 cm·~l Several weak absorption 
peaks are given in the area where the characteristic barbiturate peak 
·-l occurs near 500 em · 
, 
-..L 
The Nflli spectrwn of carbital gives a broad band in the 3300 em 
region. ':!:'he band goes from 3380 em -l to 3150 em -l. Several peaks 
27 
are somewhat distinct in this region. These pealcs are near 3220 cm-l 
1 1 -1 m1d 3090 em- . The C=O peaks are near 1750 em- , 1725, Md 1690 em 
These peaks are at higher frequencies than they are in the RBr spectrum. 
'Ihe .spectra are qu.ite sim.i..lar. 
Nembutal - Nembutal contains pentobarbital. Its KBr spectrum 
shows a broad bru1d in the 3300 cm-l region. 'Ihe broad bm1d goes from 
1 -1 3300 em-· to 3090 em . A medium absorption peak is given at 30l!O cm-l 
Only two C=O absorption peaks a:c>e given in the spectrum. They are near 
1700 cm-·l Md 1650 cm-1 . A broad peak is given in the area of the 
characteristic barbiturate peak near 850 cm-1 . The peak extends from 
1 . 1 -1 
865 em--. to 830 em·- The characteristic absorption peak near 500 em 
is at 515 cm-l 
The ATR spectrum of Nembutal is quite different from the RBr 
spectrum. One broad bMd is seen in the 3300 em -l region. The bMd 
-1 8 -1 is between 3550 em and 30 0 em . Three C=O absorption peaks are 
~1 6 -1 6L -1 given. They are near 1720 em , 1 90 em , and 1 15 em . A broad 
band similar to the one in the RBr spectrum is seen between 865 cm-l 
8 
-1 . -1 -1 Md 32 em . The absorption peak near 500 em is at 515 em . 
Dexamyl - rrhe Dexamyl tablet contained 5 mg of d-amphetamine 
sulfate and 5 mg of amobarbital. Its spectrum (KBr) shows absorp-
t · · 3300 -l Ab t · aJ t 3c::4o ···l 3490 cm-1 .. J_on aoove em . sorp .lon pe {S are seen a ::> ern , 
3200 cm-l Md 307'0 cm-·1 . The two absorption peaks at 3200 and 3020 
corresponds to the N--H absorption peaks of amobarbitaJ. in this region. 
Th:i.s position has been sh:i.f'ted which could be due to the other corirpounds 
in the tabJ.et. rl'he C=O absorption pealfs in the 1700 em -l region 
28 
are very close to the position of the C=O peaks in areytal. A medium 
size peak that does not occur in amytal spectrum is located at 1610 cm-l 
in the Dexamyl spectrum. This peak corresponds to -NH2 stretching
25 . 
The arnount of absorption due to C-H deformation and C-N stretching 
between 1470 cm·-l and 1250 crn-·l is larger in the Dexarnyl spectrum 
than in arnytal. The characteristic barbiturate absorption peak near 
1 -1 850 em- is near 847 em in the Dexamyl spectrwn. A weak peak is also 
r:. -1 . . . . --·-~·- . 1l---------is-eeR-a'L---9o5-em-.-8n3:-y-one-of-these-pecrk:r:cs-se-en---:rn-t;tre-amyt.a.l s·~p"--e~c-------
trurn. The characteristic peak near 500 cm-l is at 1-190 em -l in the 
Dexamyl spectrum. 
Street Drug - The street drug contained secobarbital (determined 
by TLC25). Its spectrum (KBr) shows absorption above 3300 cm1 
Absorption peaks are seen at 3450 cm·l, 3420 cm1 , 3350 crn-l, 3310 cm·-l, 
321-15 em l and 3075 ern -l. Some of these peaks are part of a broad 
band. in the 3300 crr11 region. The two peaks at 3245 cm-l and 30'{5 crn-l 
correspond to the N-H stretch peaks of secobarbital (3230 cm-l and 
3120 cm1). The shift in position could be caused by influence (inter--
action) of the other compounds in the mixture. rl'he other peaks in this 
region are due to absorption by tbe other compolU1ds. The C=O peaks j.n 
the spectrum of tlle street drug are located at lower frequencies 
( -1 8 -] 6 -1 1700 ern , 169l em · ·, and 1 90 em ) , than they are in the spectrum 
of secobarbital (1752 cm-1, 1730 crn·-l, and 1695 cm-·1). A very sbarp 
peal< shows up in the street drug spectr•um that does not sllow in tlle 
- -1 
spectrum of secobarbital. rl'hls peak is near 1590 em . The amount 
of absorption near 1470 cm·-l and 1250 cm-l are about the same in 
29 
the spectra of secobarbital and the street drug; however, much more . 
absorption is shown in the spectrum of the street drug below 1200 cm-l 
than is shovm in the spectrwn of secobarbital. The characteristic 
·peak of barbiturates near 850 cm-l is seen at 845 cm·l in the street 
drug; ·it is near 830 cm-l in secobarbital. The one near 500 cm-l 
is at 522 cm-1; it is at 500 cm-l in the secobarbital spectrwn. 
The ATR spectrwn of the street drug is of similar quality to the 
tl--~~~-lffir-spectrtun--;---J:n-:tt;-,-tl:Te-ab"sorpt:i:on-pea:ks-i"""l."lthe 3300 em -l regi'~o=n~-------
are not as clearly defined as they are in the KBr spectrwn." The peaks 
in this region are part of a broad band. 
are shifted and only two are distinct. 
-1 
and 1675 em . 
The C=O absorption peaJm 
-1 
'l'hese two peaks are near 1725 em 
.__; 
CONCLUSION 
ATR as a method of analysis of anions compounds is a relatively 
new technique. This method does not require the use of solvent or 
salts to obtain infrared spectra, and the quality of the spectra can 
be changed by varying the reflector used thus allowing spectra of the 
highest quality to be produced for almost any compound. 
vides a very useful technj_que for identification and study. It is useful 
in identifying barbiturates in the sense that it provides a method of 
obtaining spectra of the barbiturates whose structures mBY change 
under pressure. 2-ThiobarbitaJ. gave a spectrum that showed no distinct 
absorption pr::aks above 1300 cm-l when the pellet technique was used. 
-1 
A spectrum of jt prepared by ATR shoV~red absorption peaks in the 3300 em 
and 1700 crn·-l regions that are distinct and characteristic of barbiturates. 
Spectra of barbiturates whose structure are not altered w1der 
pressure can also be prepared this way. Spectra of the barbitu.:cates 
prepared by ATR do not show any absorption peaks due to solvent or 
salts. The position of the absorption peaks of the barbiturates 
wou1d not be shifted due to influence of the solvent or salt. The 
A'l'R technique vmul.d be useful in barbiturate study in that it would 
allow the :tnvestigation of barbiturates in a mixture and provide a 
means of determining what compounds mB,de up the mixture. Since many 
barbiturates used as street drugs are diluted with str'Ychnhie, NlR 
could provide a quick means of identifying the diluent. 
31 
rfue NI,R technique provides a faster way of identi.fy1ng barbiturates 
by infrared spectroscopy, in that covering both sides of the reflector 
I 
wlth the mixture takes less time than it does to make a pellet. 
The ATR method also eliminates expensive reagents which should lower 
the cost of spectrum production; also, anything used in the analysis 
is completely recovered for confirmatory tests. 






































































CHfu"RAC1"ERISTIC .ABSORPTION POTh'T OF THE BARBITORAT]~ 
. I 
Compound N-H Stretch C=O Stretch Characterislic 
Freq. cm-1 l Band at sor Freq. em-
50 cm-1 
Pellet 3175 1680 842 1-
3050 1610 
Sodiu'Tl 
barbital ATR 3175 1685 840 
3050 1670 
1655 
Pellet 3385 1732 849 
3140 1725 
5-A'Tlino 3580 1700 
barbital ATR 3225 1725 848 
3125 1715 
I 
Pellet 3210 1752 A broad p~;ak 
3090 1725 
Barbituric 1690 
acid ATR 3200 1750 830 I 
3090 1710 
1680 
, II ~ I : i' .:.1 I I .fi:i.: 
Characteristic 
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